The title compound crystallizes in the monoclinic system with dimensions of the unit cell a = 14.09(2), b = 8.60(1), c = 11.34(1) A and ß = 101.7
Introduction
The six membered ring system of the tetraazadiborines represents a highly reactive class of compounds [2] [3] [4] [5] . Its most remarkable properties are i) a redox reaction leading to triazadiborolidines and tetraazaborines 3 -4 ii) their tendency to dimerize depending on the number and size of substituents 2 > 6 . Thus hexamethyltetraazadiborine is monomeric 2 ' 4 while tC4H9B(NH-NH)2BtC4H9 is dimeric 6 . The crystal structure of this dimer 7 shows that each monomeric unit adopts a boat conformation and the latter are joined together via coordinative BN bonds to give a polycyclic molecule with S4 symmetry.
More recently, a number of monomeric derivatives of the tetraazadiborines 1 a-e were prepared 3 -4 and investigated by means of photoelectron spectroscopy 8 . The PE bands found could only be inter- preted using a model with a twist configuration for the B2N4 ring system. Calculations also showed that there should be only a 7.0 kcal/mol difference from a planar ring structure. Therefore an X-ray study was deemed appropriate to obtain direct structural information. Amongst the tetraazadiborines at hand 3,6-bis(dimethylamino)-1,2,4,5-tetramethyll,2,4,5-tetraaza-3,6-diborine was chosen since it represents one of the most stable members of the series. Moreover it was expected not to dimerize in the solid state due to high electron density at the boron atoms, and finally it sublimes readily yielding suitable single crystals.
Crystal Structure
le crystallizes from the gaseous phase in prisms of monoclinic habitus. A suitable crystal showed a twofold axis in precession work. This was aligned as the unique axis of the monoclinic system, and approximate cell dimensions were determined.
A small crystal of approximate size 0.2 x 0.2 x 0.1 mm was used for the intensity data collection at 160 °C with a PICKER four circle automated diffractometer, and the unit cell parameters were determined as to be a = 14.09(2), b = 8.60(1), c = 11.34(1) Ä, ß = 101.65(5)°.
The space group A 2/a resulted from systematic absence of reflections for k-\-l*2n
for hkl and h=¥2n for hOl. The calculated density is 1.11 gm/cm 3 for Z = 4.
Intensity data for 2436 reflections were recorded for 2 0 < 40° using MoKa radiation monochromatized by a highly oriented graphite monochromator (;1== 0.71069 A). A continuous 6-2 6 scan technique was used with a speed of 2 deg/min over a range of 2° plus a dispersion correction. Ten second backgrounds were recorded at each extreme of the scan. After data reduction in the usual manner [8 a] , the data were averaged to 1109 unique intensities. No absorption correction was made (/n, MoKa, =0.763 cm -1 ).
A trial solution obtained by MULTAN [8 b] consisted of two images of the final structure, each displaced by a translation function from the true position. Averaging the coordinates of the two images led to a correct trial structure which converged rapidly during full matrix least squares refinement [8 c ] to i? = 0.11. A difference Fourier synthesis located all hydrogen atoms. Refinement using all non-zero intensities with anisotropic thermal parameters for the non-hydrogen atoms and isotropic parameters for the hydrogens converged rapidly to R{F) = 0.059 and Rw(F) = 0.053, where R(F) = 27||F0| -|Fc||/.£|Fo|, and Rw(F) = {ZWIIFOL -IFCLLV^WIFOL 2 } 1 ' 2 with W=1/<7(F0) 2 . The function minimized was w(||F0| -|FC||) 2 . A final difference Fourier synthesis was featureless with the largest peak corresponding to 0.3 e/A 3 .
The results obtained are summarized in Tables  I to III. Table I contains the final positional  parameters, Table II The boron atoms are surrounded by three nitrogen atoms approximately trigonal planar, the exocyclic NBN-bond angles, being 0.5 and 2.0° larger, the endocyclic NBN bond angles 2.5° smaller than the expected 120°. In accord with the nonplanar ring structure the BNN bond angles are also smaller than 120° and are close to the endocyclic NBN angle. The sum of the angles at nitrogen N(l) equals 358.2° and 355° for N(2). Thus one of the hydrazinonitrogen atom approaches sp 2 hybridisation less perfectly than the other. The NN bond length, 1.43 Ä, is short compared to hydrazines, in particular N.N'-dimethylhydrazine (1.45 Ä) 9 . Consequently NC bond lengths are shorter by 0.02 Ä than in the parent hydrazine 9 . The dihedral angle C(1)N(1)N(2)C(2) is rather large, 72.8°, but smaller than in dimethylhydrazine, where photoelectron spectra imply a 103° dihedral angle 10 .
Characteristic features pertinent to 1 e are fairly large exocyclic BNC angles (125 and 127°, respectively).
The dimethylaminogroups comprise a planar nitrogen atom, and the C(3)N(3)C(4) bond angle of 112.8° is rather common to such groups. The C2NB plane of these (CH3)2N groups are titled by 34.3° towards the N(3)BN(1)N(2) plane. The two NC bond lengths of this group differ by 0.02 Ä, e.g. they are essentialy identical.
Discussion
Bis (dimethylamino) -tetramethyltetrazadiborine (1 e) can be regarded as a cyclic trisaminoborane in which two BN3 unites are joined together by two N-N bonds. In particular, this molecule is related to B[N(CH3)2]3-Removal of two CH3 groups leads to the fragment (CH3)2NB(NCH3)2, and two of these unite to give le. The structure of tris-(dimethylamino)borane (2) has been determined by electron diffraction 11 . As expected all BN bonds in this molecule are of equal length. The BN bond length (1.43 1) is virtually the same as in le. Moreover, the (CH3)2N groups in 2 form a propellerlike arrangement (D3 symmetry). Its C2NB planes are twisted by 32.8(2.6)° out of the BN3 plane due to nonbonding interactions of the CH3 groups 11 -12 . Since similar steric crowding was expected for le it is not surprising that a rather similar atomic arrangement around the boron atoms of 1 e was found, the corresponding dihedral angles averaging to 38.9(4.2)°. They are larger than in 2 and this can be readily understood in terms of the w,w-interactions in the NN units in le. Thus the geometry at the boron atoms of 1 e is determined by a compromise between good BN-7r-bonding 13 , which would be at a maximum for a planar BN3Ü4 arrangement with all B-and N-pz-orbitals parallel to one another 14 and the relief of steric overcrowding by forcing the C2N groups to rotate to a certain degree, thus reducing the energy gained by Tr-overlap. This loss in 71-bond energy is approximately 16% for 2 and 22% le.
h3c.n.ch3 Other useful structural data are provided by tris(dimethylamino)borazine (3) 14 . This is a totally planar molecule (except for the H atoms of the CH3 groups) and its structure clearly demonstrates that the twisting of the (CH3)2N groups in 1 e and 2 originates from steric interactions. Although the conformation of 3 allows maximal ^-overlap, the BN bond lengths observed -1.433(4) Ä for the endocyclic and 1.429(4) Ä for the exocyclic BN bonds -do not differ significantly either from 2 or le. The present structural information on BN3 systems indicate that the characteristic BN bond length is 1.43 Ä 15 .
In all the boron nitrogen compounds of the aminoborane type the geometry on nitrogen implies sp 2 hybridisation. Generally, the observed CNC bond angles are < 120°, and this is also observed for le. This constraint is an indication that the central atom is part of a 71-bonded system. Reasons for this deviation from the ideal 120° sp 2 bond angle has been amply discussed by BARTELL 17 .
The NN bond in 1 e is significantly shorter than in 1,2-dimethylhydrazine. Since all hydrazino nitrogen atoms in 1 e are essentially sp 2 hybridized the shortening of the N-N bond is not unexpected. Compared with the N-N bond in the planar trans-CHO-NH-NH-CHO (1.39 Ä), the NN linkage in 1 e is rather long inspite of the sp 2 hybridisation, and this suggests considerable repulsion by n,n-interaction. The same phenomenon is also found for the nonplanar bicyclic system 6 18 . A good indication for this interaction is provided by the C( 1) N( 1) N(2) C(2) dihedral angle of 72°.
MO-calculations on tetraazadiborines for various ring conformations have shown that a twisted ring form (D2 symmetry) is the most stable conformation. As already indicated it exceeds the planar ring structure by 7 kcal/mole 8 . PE spectra of the tetraazadiborines could be interpreted by means of this model, and the present work demonstrates that the twist conformation of the B2N4 ring is also retained in the solid state. Moreover, the assumptions made for the geometry of the tetraazadiborines 19 correspond closely to the data now found. In particular the dihedral anglesM(3) BN( 1) N(2) and BN( 1 )N(2)B' calculated for the most stable twist conformation (21.8° and 44.8° respectively) do not deviate too much from those found in this study (15.1°, 33 .7°) if one considers the simple EHT model used in the calculations. Also the twist angle for the (CH3)2N-groups found as 32° is very close to the assumed 30°8. It is therefore expected that a recalculation of the B2N4 systems using the now available direct h3c.n,ch3 H3C.Ni.N.CH3 h3c ch3 2 data would not alter the results obtained in the original study significantly -taking into account that the dihedral angles may be indeed different in the gaseous and solid phase and almost certainly not the conclusion that the geometry of le is the best compromise between BN-i/r-bonding, n,nrepulsive interaction and steric crowding due to the CH3 groups. 
